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Coincidence or GUT?

In the SM, SU(3) X SU(2) X U(1) couplings seem to come very close at a scale ~ 1014 GeV
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Coincidence or GUT?

unification as a guiding principle



Could dark sector give us both better unification and an accidentally stable composite DM candidate?
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Accidental DM stability?
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See Michele Redi’s talk



From indirect detection bounds
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Use strongly coupled theory for Dark Matter (DM) stability

From indirect detection bounds

Generate hierarchy by extending SM gauge group using QCD-like dark colour [DC]
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Composite DM Idea:



Use strongly coupled theory for Dark Matter (DM) stability

From indirect detection bounds

Generate hierarchy by extending SM gauge group using QCD-like dark colour:

[Antipin, Redi, Strumia, Vigiani 2015], [Mitridate, Redi, Smirnov, Strumia 2017], [Contino, Mitridate, Podo, Redi 2019],

[Kribs, Neil (review) 2015]… 13

https://arxiv.org/pdf/1503.08749.pdf
https://arxiv.org/pdf/1707.05380.pdf
https://arxiv.org/pdf/1811.06975.pdf
https://arxiv.org/pdf/1604.04627.pdf


14

Dark Sector “Vectorlike confinement”

See: [Kilic, Okui, Sundrum 2010]

IR theoryDark colour confines

light regime Antipin, Redi, Strumia, Vigiani ‘15

Dark fermions

See Michele Redi’s and Di Liu’s talk 

for heavy quark regime

https://arxiv.org/pdf/1503.08749.pdf
https://arxiv.org/pdf/0906.0577.pdf
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Dark Sector “Vectorlike confinement”

See: [Kilic, Okui, Sundrum 2010]

IR theoryDark colour confines

light regime Antipin, Redi, Strumia, Vigiani ‘15

Lightest Dark baryon

[DB]

Dark fermions

Coincidence with indirect detection bounds!

https://arxiv.org/pdf/1503.08749.pdf
https://arxiv.org/pdf/0906.0577.pdf
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Dark Sector “Vectorlike confinement”

See: [Kilic, Okui, Sundrum 2010]
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Dark Sector “Vectorlike confinement”

See: [Kilic, Okui, Sundrum 2010]

IR theoryDark colour confines

light regime Antipin, Redi, Strumia, Vigiani ‘15

Lightest Dark baryon

UV theoryTheory unifies

GUT partners Bottaro, Contino, SV [To Appear]Role of GUT partners?

Dark fermions

More U(1)s…too

https://arxiv.org/pdf/1503.08749.pdf
https://arxiv.org/pdf/0906.0577.pdf
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Dark Sector “Vectorlike confinement”

See: [Kilic, Okui, Sundrum 2010]

IR theoryDark colour confines

light regime Antipin, Redi, Strumia, Vigiani ‘15

Lightest Dark baryon

UV theoryTheory unifies

GUT partners Bottaro, Contino, SV [To Appear]Role of GUT partners?

Can we build a realistic theory consistent with composite light baryonic DM and unification?

https://arxiv.org/pdf/1503.08749.pdf
https://arxiv.org/pdf/0906.0577.pdf
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Unification for Millenials*?
*an optimistic and inclusive way to parametrise gauge coupling unification
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unification△
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Area△(SM+BSM) ≤ Area△(SM)
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unification△
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Hope to only better unification in the SM
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Impact of GUT partners on Thermal History?

Bottaro, Contino, SV [To Appear]
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time Temperature T
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time Temperature T

Dark Confinement

Light hadrons

hybrid hadronssee also Kang, Luty, Nasri ’08,

De Luca et. al. ‘19

# of dark colours = 3

https://arxiv.org/pdf/hep-ph/0611322.pdf
https://arxiv.org/pdf/1801.01135.pdf
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time Temperature T

Dark Confinement

Light hadrons

hybrid hadrons

# of dark colours = 3
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time Temperature T

Recombinations favouring creation of states with larger binding energy

Epoch of recombination

baryons

Rest goes into mesons

# of dark colours = 3
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time Temperature T

Recombinations favouring creation of states with larger binding energy

Epoch of recombination

baryons

Rest goes into mesons

# of dark colours = 3
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time Temperature T
Epoch of baryon annihilation

Antipin, Redi, Strumia, Vigiani ‘15

Usual baryonic DM scenario

)

DM relic abundance

Thermal DM abundance
ρc  Critical energy density

T0 Present temperature

# of dark colours = 3

https://arxiv.org/pdf/1503.08749.pdf
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time Temperature T
Epoch of baryon annihilation

SU(5) baryonic DM scenario – but what about the GUT hadrons?

Bottaro, Contino, SV [To Appear]

# of dark colours = 3
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time Temperature T H Decay phase

HHL, HHH

Non-Thermal contribution

Bottaro, Contino, SV [To Appear]

LLL 

DM relic abundance

# of dark colours = 3
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Constraints?
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Late 
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Non-perturbative

uncertainties

Benchmark ModelObserved DM density

GUT theory: 5 + 10
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Non-perturbative

uncertainties

[Barducci, De Curtis, Redi, Tesi ‘18]

Mass of dark pions

Benchmark Model

GUT theory: 5 + 10

https://arxiv.org/pdf/1805.12578.pdf
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Non-perturbative

uncertainties

Benchmark Model

GUT theory: 5 + 10

GUT partners are 

overclosing the universe



40

• Strongly coupled theories give elegant ideas for DM stability

Summary
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• Gauge coupling unification highly restrictive theory prior for composite DM
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• Strongly coupled theories give elegant ideas for DM stability

• Gauge coupling unification highly restrictive theory prior for composite DM

• Role of GUT partners cannot be ignored when considering DM phenomenology

Summary



Back-up
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Unification better than SM
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+ 5

Allowed mass of GUT partners from unification 

criteria 

Trivial model: 

Minimal GUT theory: 24

Minimal GUT theory: 5 + 10

Benchmark model:

Bottaro, Contino, SV [To Appear]
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time Temperature T

GUT partner decay via Dimension 6 operators to SM and light dark fermions

GUT partner 

(H)

Light dark fermion 

(L)

No Impact! 
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time Temperature T

Bottaro, Contino, SV [To Appear]

epoch of matter dominated (MD) universe

Dilution factor

See also [Co, D’eramo, Hall, Pappadopulo ’15], 

[Contino, Mitridate, Podo, Redi ’19]

DM relic abundance



Can we produce a natural hierarchy?

Hierarchy needed

5 =
 𝐷
 𝐿

Tuning needed for GUT mass parameters!
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Can we produce a natural hierarchy?

Hierarchy needed

5 =
 𝐷
 𝐿

Tuning is spoiled by loop corrections!
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Breakable states are negligible 


